Right lower lobe arteries: The superior segmental artery arises posterolaterally opposite the origin of the middle lobe arteries. There is usually a single artery, but two and rarely three separate vessels may be present. These arteries can be identified between the anterior segmental artery of the upper lobe above and the lateral segmental artery of the middle lobe below, provided they are not overlapped by these vessels (Figs 7 & 8) .
From the origin of the superior segmental artery the lower lobe artery continues as the pars basalis. It gives off the medial basal artery, then the anterior basal artery and finally terminates by bifurcation into the lateral basal and posterior basal arteries: this pattern can be identified in just under 50% (Figs 7 & 8) . Variations occur mainly in relation to the differing origin of the medial basal segmental artery and to the presence of subapical arteries. The medial segmental artery, usually the first branch of the pars basalis, runs downwards and medially, overlapping the right atrium. The anterior basal artery courses downwards and laterally towards the lateral costophrenic angle and is the most lateral of the basal arteries. The lateral basal and posterior basal are the terminal divisions, the posterior basal being the largest and most dependent of the basal segmental arteries. There is a constant order from lateral to medial side regardless of how the arteries originate: anterior basal, lateral basal, posterior basal and medial basal. Left upper lobe arteries: There is no truncus anterior on the left side. The left upper lobe is supplied by multiple branches, two to seven in number. One or more are given off anteriorly from the pars superior to the anterior segment; they may also contribute to the apical segment and may even supply the lingula, although the usual method of origin of the lingular arteries is lower down the left pulmonary artery from the pars interlobaris. Other arteries arise superiorly and run to the apicoposterior segment. From study of the pulmonary angiograms it was evident that more variation in arterial branching occurred in the left upper lobe than in any other lobe (Figs 9 & 10) . The spatial relationship of the segmental arteries within the lobe is similar to that on the right side; from above downwards the order is apical arteries, posterior arteries, anterior arteries and lingular arteries. Left lower lobe arteries: The artery to the superior segment of the lower lobe arises from the pars interlobaris at or even above the level of the lingular artery. Multiple superior segmental arteries are twice as common on this side as on the right (Boyden 1961) .
The left lower lobe artery continues as the pars basalis until it terminates by bifurcating: the method of division is variable but it appears from angiograms that it most commonly divides into a combined anterior basal and lateral basal branch, and a posterior basal artery. Boyden (1961) considers it unacceptable to omit a medial basal artery on the left side but this cannot be identified as a separate segmental artery on the pulmonary angiogram. As in the right lower lobe, the anterior basal artery is the most lateral segmental artery, the lateral basal artery lies in the middle and the posterior basal artery is the most medial and dependent (Figs 9.& 10) .
Conclusion
It is possible to identify most if not all the segmental arteries on the pulmonary angiogram in the anteroposterior view. They follow closely the segmental portion of the bronchial tree in spite of the fact -that the origins of the arteries differ considerably from the bronchi. The Angiogram and Pulmonary Artery Structure and Branching (in the Normal and with reference to Disease) The distribution of the elastic and muscular pulmonary arteries has recently been established (Elliott 1964 , Elliott & Reid 1965 in the normal human lung by reference to the accompanying airways, to the distance along a pathway and to the diameter of the artery. Until now studies of the pulmonary artery have been based on the definition offered by Brenner in 1936 (using uninjected lung), that the arteries above 1,000 ,t are elastic while those between 1,000 and 100 ,u are muscular. It has also generally been taken for granted that the pulmonary artery branching pattern closely follows that of the bronchial tree, but Elliott has shown that the pulmonary artery branches much more frequently than does the bronchial tree.
Distribution ofElastic and Muscular Arteries
An elastic artery includes a large amount of muscle between the elastic laminie which confer the name on the artery: the so-called muscular arteries usually have the muscle layer clearly outlined by an internal and external elastic limiting membrane. This study recognizes elastic, muscular and transitional arteries. An elastic artery was taken to be any artery which had more than four continuous layers of elastic lamine arranged in an orderly fashion between the internal and external membranes, while a muscular artery was one in which there were only a few scattered fibrils between the internal and external membranes; the transitional falls between.
Using injected lungs and serial sections, Elliott traced arterial pathways of basal segments from hilum to periphery. He found that the elastic arteries extended about half the length of an axial pathway to about the sixth generation of the bronchial tree. Muscular arteries started roughly half way along an axial pathway, at about the seventh generation of the bronchial tree at which level they were about 2,000 p in diameter. It might be thought that the extension of muscular arteries more proximally than reported by Brenner was simply the effect of using injected lung, but in fact they also extend farther peripherally.
Along any arterial pathway the muscular artery (that is, one with a completely muscular wall) gives way to an artery which in section has only a crescent of muscle. At this level the muscle probably assumes the form of a spiral before it ultimately disappears. Above 140 p all arteries are muscular: below 30 p they are all nonmuscular. Between 30 p and 140 p the artery population is mixedcompletely muscular, nonmuscular and partially muscular. Frequency ofSide Branches from Pulmonary Artery A striking difference was shown between the branching pattern of the pulmonary artery and that of the bronchial tree. While each bronchial branch is accompanied by a branch of the pulmonary artery, which we have called a conventional arterial branch, the pulmonary artery branches are much more numerous than those of the bronchial tree; the extra ones, which we have called supernumerary, occurred throughout the length of an artery from segmental hilum to the level of the capillaries, being more numerous towards the periphery, although at all levels the supernumerary outnumbered the conventional. In the prelobular region of the artery (5 cm in length) 12 conventional and 17 supernumerary branches arose (Figs 1 & 2) . In the intralobular region as far as the end of the respiratory bronchiolus (1 1 cm in length) 11 conventional and 41 supernumerary branches arose.
The diameter of successive arteries does not decrease regularly: a branch may be much smaller or larger than its predecessor and muscular branches are interspersed between elastic.ones. . The direct pathway offered by the axial artery is probably the main reason for this; most of the side branches arise from the parent artery almost at right angles, which discourages flow. Furthermore, in the proximal large branches the media was gathered into sphincteric structures which pouted into the main artery.
Arteriogram in Disease
In the micropaque specimen arteriogram (prepared by Short's method, 1956 ) two aspects of the diseased lung call for special mentionthe first concerns the diameter of an axial pathway and the rate at which it tapers; the second the number of side branches which arise from it. Elliott showed the increasing frequency of side branches towards the periphery and this can be seen in the arteriogram. A method for counting these side branches in the arteriogram has been devised by Millard (1965, in preparation) .
A patient can die from the complications of chronic bronchitisfrom a suffocating bronchiolitiswith a normal arteriogram and with no emphysema. In Grades III and IV panacinar emphysema (Reid & Millard 1964) there is a pruning or loss of side branches easily apparent. Although in emphysema the artery might be overstretched, making comparison with the normal unsatisfactory, Millard overcame this by referring the total length of an axial pathway to a L VIR V 1-4) illustrating reduction in number of side branches from an axialpathway. Measurements showed that the axialpathway tapered less than in the normal scale of 100. In emphysema without pulmonary hypertension the arterial tapering pattern within the segment is normal but the artery may be narrower than normal.
In cases of fatal chronic bronchitis without emphysema and with right ventricular hypertrophy it was found that although the alveoli were normal the peripheral vessels were usually diminished, but, in addition and in contrast to emphysema, there was dilatation of the part of the axial pathways from the hilum of the segment to within 5 mm of the pleura. Thus these parts of the artery must be of greater diameter than the normal (Figs 3 & 4) . Right ventricular hypertrophy was diagnosed either by weighing the ventricles or from electrocardiographic changes. By correlation with heart weight, Millard has established those electrocardiographic changes which are valid evidence of right ventricular hypertrophy in chronic lung disease.
These changes are demonstrated in relaxed or maximally distended arteries. I offer the following preliminary and tentative conclusions. The in vivo angiograms reflect to some extent the pathological changes. The large main and hilar vessels seen in the radiographs of patients with right ventricular hypertrophy reflect the degree 32 of peripheral vascular resistance; on the other hand the size of the intrapulmonary arteries in life does not directly correspond to the appearance in the specimen arteriogram and seems to reflect a functional state of vasoconstriction or of relative reduction in blood flow or blood volume.
For example, when right ventricular hypertrophy was present the micropaque angiograms showed dilatation whereas in life the intrapulmonary vessels were either normal, as in chronic bronchitis, or narrow, as in emphysema, and in neither case generally dilated.
Correlation of the specimen arteriogram with the angiogram and clinical features will help to elucidate the vascular damage in lung disease and the mechanism whereby this disease produces secondary effects on theteart.
Hitherto angiography has been contraindicafed in cases of chronic bronchitis and emphysema because of a supposed increased hazard over other forms of angiography and because it was thought that the information obtained was unlikely to benefit the patient.
With the development of intensive therapy units specializing in acute cardiorespiratory illnesses and the more frequent recognition of pulmonary thrombo-embolic disease (Goodwin et al. 1963) it became apparent that a number of different syndromes existed which exhibited very wide variation in response to the accepted therapeutic practices. It became desirable, therefore, that the maximum information should be sought in order to assist in the management of the case, both during the period of quiescence and in anticipation of the next cardiorespiratory exacerbation. In these circumstances it was felt justifiable to proceed with the investigation in a number of selected cases.
In this series of 18 patients the highest pulmonary artery pressure at rest was 52 mmHg. No symptoms directly referable to the angiogram have occurred.
Classification
Considerable variation exists in the anatomical structure of the pulmonary arterial tree and in the functional behaviour of the pulmonary vascular structures as assessed byregional pulmonary blood flows. This variation is in accord with the clinical conception of a disease spectrum, the terms 'bronchitis ' and 'emphysema' embracing a number of syndromes.
It is perhaps permissible to postulate three broadly based and overlapping groups on the present evidence in which there is some correlation between the clinical and radiological features. Two commonly accepted colloquial terms attributed by Scadding (1963) to Professor A C Dornhorst, the 'pink puffer' and 'blue bloater', will be used to identify two of the three groups. The clinical characteristics and the changes in the lung function studies have been described and established by Ogilvie (1959 Ogilvie ( , 1964 and by Fletcher et aL. (1963) .
Group 1: Primary Emphysema, 'Pink Puffer', &c. The patients are usually men who develop dyspnoea in middle life, not infrequently following an acute chest illness. The lungs are overdistended, leading to considerable difficulty in ventilation. Irreversible airway obstruction is present with a greatly increased residual volume. The patients are not cyanosed and are not subject to repeated attacks of right ventricular failure. They are greatly incapacitated. In this series the pulmonary artery pressures were normal at rest but showed an abnormal and prolonged rise in pressure following exercise.
Radiological features: The radiological features, although varying in degree, are consistent throughout the group.
The plain chest X-rays show the well-established features of primary pulmonary emphysema. The thorax is distended with compression of the heart and mediastinum; the diaphragm is low, and flat and shows little movement. The p'ulmonary conus is frequently prominent and there may be moderate enlargement of the hilar ves$elU. The lung fields are hypertranslucent. The mid-lung vessels are symmetrically distributed, are small in character and tend to be more numerous in the upper zones. Tomograms demonstrate a rapid attenuation in size of the primary divisions of the pulmonary arteries. Tomograms are also useful in assessing the pulmonary veins, which are small in size and relatively few in number. The pulmonary angio-
